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INTRODUCTION

The objective of this study was to investigate electrical
resistivity equipment and techniques for potential appllcatlon
to highway problems.

Highway problems that were considered to be amenable to solution
by the resistivity method were those relating to groundwater,
materials site investigations, verification or extrapolation

of seismic and borehole data and problems in areas where
refraction seismic methods are not applicable.

The resistivity method is based on the resistance of soil or rock

to the passage of an electrical current. A definition of electrical
resistivity is specific resistance per unit area. It is then
normally expressed as ohm feet or ohm meters. The general

equation for resistivity is:

= RA
PET
where p = resistivity
R = resistance (E/I)
A = area
L = length

There are several standard electrode arrays that are commonly
used to obtain resistivity values. Most of them use two current
and two potential electrodes, but differ in their arrangement and
the spacings between electrodes. A general equation for the
determination of the apparent resistivity as measured by any
electrode configuration is:

Py =_(2ﬂR)

where ClPl, P1C2, ClP2 and P202 refers to the distance between

the' respective current and potential electrodes.
The two configurations most commonly used for obtaining engineer=
ing data are the Wenner and the Schlumberger. In the Wenner

configration the electrodes are equidistant and the equation
reduces to:

Py ™ 2maRr

where a = the electrode spacing.

www . fastio.com
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" For the Schlumberger configuration, the distance between the two
potential electrodes is much less than the distance between each
current and potential electrode. If the distance ClC2=2a, and

the distance P1P2=b, then the equation for the apparent resistivity
reduces to: '

There are several different types of instruments available. These
include those using direct current, commutated direct current,
converted direct current and alternating current.

These were compared under both laboratory and field conditions.
The first portion of the investigation was a study of the instru-
ments in the laboratory to determine their capabilities or
limitations and to determine possible sources of instrument error.
The second was an extensive field test of the equipment. Factors
evaluated and compared were equipment capabilities, operating
conditions, power reguirements, direct current versus alternating
current power source, various probe arrays and different profiling
methods, :

LI

Several different test sites were used because of the variety of
tests that were conducted. Most of the sites were used several
times in order to c¢ompare the effects of changes in soil moisture.
The different sites are shown and identified on the state map in
Figure 1.

s

The data were interpreted by different technigues which included
curve matching and the cumulative method. The ease of applying
these technigues and the accuracy of the interpretation are
compared.

PRreyT

ChibPDF - www .fastio.com™


http://www.fastio.com/

Figure 1

=
. R E 6 o N
SR - & ‘
144 .
i
d { o)
B LELLL e gl i !
| B Ly PN A
i — 1 s " o b
; N ok + )
y "l s .
P 4 ST :
P H o
2 - e e e e S
e L RN -
P > ) i
m—arat el " .
it Laz o }
& + ‘ ! &
| . g
PETTEN ] ot N i
" { el ] ft ' ! < "
- L ET et = :
L T . i - !
o ! ey e u
F ' A T4 i
5 ' H Tal
Ay o .
~ A I -, = ey “
, r 1 =
. HAYEEN
AT - ] e G
q e .
Y - < !
- g — Ty
— i
o
LEY hry
6 iy . ) "o ™ Ok TR0
ot sesse : e T My,
- I e Y N A S U R
;l.:ﬂl [ ), - K. s nEr I L) -
Gl || EETTIE -
e, ang Y. s B & 11
ST, futa
i ") Pl 4 Prared el
- td 4% -
- R ek AP T 3 WL
; . : M s b
03-Yol- 16 € bqnano
: i~ To) ?
" il
s o A 0Kl o~ e i
Toady s .y o I

Sy FaLNOSCE

10-Sol-80% (-] [}X &

13 e e 180 &y 17
o XX

2 -0 - Amo-T6 %
S e g R TR

- .

e FVIEPS
g < vl
5

AR

NETLEEEN]

410~ Tuo- 45, 108

5

STATE OF CALIFORNIA
ELISINESS AND TRANFORTATION AGENCY
DEPARTMENT OF PUBLIC WORKS
DIVISION OF HIGHWAYS

CALIFORNIA

STATE HIGHWAYS
WITH
INTERSTATE,UNITED STATES AND STATE SIGN ROUTES

LEGEND

Stols Highwiys
ammmee  Uncotstrucied Slala Highways [ Routing Delermined)

s+ Unconstrucied Slate Highwsys ( Rautlng nol Detesmined)
Intyrstele Highway

. 5. Highway

Colifornio Stala Highwaoy Signed

Culitarnta Stote Highwoy ([Legislaflve Ate. o)

§o8d |

B
T Letort Bt A 4 M R Y LN, U3 g 0 Sgn st et
‘it b s b, oy 4 Lognies smadet i Thns, Bkt S i w0

SCALE

el e ® w8 nan

JAN. 13T

1972

03-ED-49 - Location of Resistivity investigation,
giving highway district, county and
- route number.

Y

08-Sbd-15
Halloran Springs )

08-5bd-15
Midway

P

oA e S

“ 08-Sbd-40
o

e
]

1
aanlg Y

4 et
ty L

L
Pl SR i

ClibPDF - www .fastio.com



http://www.fastio.com/

ChhPD

CONCLUSIONS

The Bison Instrument was the easiest and fastest to use.
Although it could not accurately measure very small values of
voltage or current, it was very accurate when measuring known
resistances that were not extreme. .
A permanent grounding terminal should be installed to discharge
static buildup on the aluminum face. The cables and reels that
are standard with the Bison instrument were not acceptable for
field use.

The Geo~Recon can accurately measure the value of a known
resistance and resistances over a wide range. The cables and
reels that came with the instrument were the best of those used,
but required improvement to prevent the reels from seizing on
the axles.

The BPRZInstrument is limited to resistivities in the mid range.
This instrument often gave an erroneous reading of the actual
resistivity, particularly if a scale change was made during

the course of a survey.

None of the instruments could perform satisfactorily over
conditions of extreme soil resistance.

: : ? ’ .

At the depths involved in engineering investigations there was no
detectable difference between direct current and the alternating
current provided by the Bison.

Wetting the ground around the electrodes reduces the difference
in contact resistance between different electrodes.

The gradient array is the fastest for locating horizontal
anomalles.

Data from expanding spreads plotted on log log paper empha51ze
any scatter which makes it Smeler to identify that which is
undesirable.

The most dependable method of interpretation was the curve
matchihg technigue. Contouring of subsurface resistivity values
from fixed depth profiles provides an additional tool that is
very helpful in interpreting the profiles.

wavwfastio.com
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RECOMMENDATIONS-

The BPR instrument should be considered outdated, and no longer
satisfactory as a field instrument.

When there is a difference in the contact resistance between
* electrodes on a given survey, the contacts should be watered in
order to reduce that variable to a minimum.

'~ In order to obtain the most suitable curve for use with the
curve matching technique, resistivity data should be plotted
on log log paper as they are collected.

The resistivity data should be interpreted by the method of
curve matching, preferably using a computer to corrcborate the
interpretation.

Additional work is'required using the Schlumberger array,
particularly in the drier areas of the state.

L
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IMPLEMENTATION

The findings of the study have resulted in several changes in both
data collection procedures and in the interpretive procedures used
by the Transportation Laboratory.

Personnel of the Geophysical Unit of the Foundation Section no
longer use the BPR instrument, As a result of this change, metal
stakes rather than-‘porous pots are used as the electrodes.

Water is poured around the electrodes whenever there seems to be
any variation in contact resistance between electrodes.

The vertical soundings are expanded using a logarithmic rather
than a linear expansion, Data are plotted as collected on log
log paper. Interpretation of the field curves is by the curve
matching technique and the interpretations are verified by use
of a computer program, -

Horizontal discontinuities are first located by means of gradient
profiles. Expanding spreads are then run as necessary to determine
depths. '

In addition, these changes have been incorporated into the manual
for the Transportation Laboratory in-service training course
"™Materials Considerations in the Planning, Design, Construction,
Operation and Maintenance of Tramsportation Facilities'. They will
be included in the next edition of the Materials Manual on Explora-
tion, Testing and Analysis Procedures (Vol,VI),

ChihPDF - wyvw fastio.com
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TESTING PROCEDURES

Because of the large number of variables, procedures, and methods
investigated in this study, it is convenient to describe them
according to the procedure followed in testing for each purpose.

The initial part of the study consisted of a laboratory study
of the three instruments in which possible instrumental error
and equipment capabilities were investigated. ' Other factors
such as operating procedures, capabilities, power requirements,
optimum operating conditions and field sources of instrument
error were evaluated in the field. '

Field tests were also conducted to evaluate surface resistivity
conditions, direct current versus alternating current, various
probe arrays and different profiling methods.

RESISTIVITY INSTRUMENTS

The three instruments used in the study were the Bureau of Public
Roads design of 1936, which had been fabricated in our laboratory
shops in 1957, the Bison Model 2350A and the Geo—-Recon Model ER2.
The BPR and Geo-Recon are direct current instruments while the
Bison uses DC which is converted electronically to square wave
alternating current.

Bureau of Public Roads Instrument

The measuring circuits of the BPR instrument consist of a
potentiometer capable of measuring between ,00L and 1.1 volts in
ten steps, and a milliameter capable of measuring from .00l to .3
amps in 4 steps. The galvanometer is balanced against a standard
cell. Power is supplied by an external battery box. The cables

and reels are mounted on a carrying case with the current flow to.
the cables being through the reel itself. Metal stakes are used

for the current electrodes and porous ceramic pots for the potential
electrodes. The instrument case is of wood with dimensions of
7x9x%x20 inches,

Bison Model 23504

The Bison Model 2350A is a self-contained transistorized instrument

which electronically converts direct current to square wave alter-

nating current. The instrument is shown by Figure 2. Input

current to the ground is limited to a maximum of ,025 amps.

Input voltage is 540 volts, peak to peak, supplied by three 90

volt batteries. Functional operation of the instrument can be

checked along with battery condition by means of a test position

~ on the potential electrode selector switch, In the test position,
the external cables are disconnected and a standard load is
connected across the instrument internally.

ClibPDF - www .fastio.com
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‘Figure 2.
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Bison resistivity meter,
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A switch must be depressed before current flows through the circuit,
This guards against shock and extends battery life. The reading
dial is rotated until the null meter is balanced and the value is
then read from the drum type dial within the knob. The reading is
given as the product of 27R. An electrode balance provides for
balancing the potential electrodes when using the .00l multiplier
scale, . .

The normal input 1mpedanca of the potentlal measuring circuit is
very high and appears in shunt with the contact resistance of the
potential electrodes. High contact resistance at the potential
electrodes will therefore reduce the measured voltage by a slight
amount. A means is provided to reduce the input impedance of the
potential electrodes by one-half when high contact resistance is
creating a problem in the potential circuit. Nominal frequency
of the instrument is 11 Hertz, but can be adjusted to plus or
minus 15% by means of the frequency adjustment control.

The instrument is contained in a plastic case that measures 6x12x10
inches.

The stakes and reels that came with the Bison were of a poor design
which caused a number of problems. Each electrode is constructed
with a cross bar which serves the purpose of holding the reel .
containing the wire. Electrical contact from the cable is through
the reel itself. Figure 3 shows two of the reels on the crossarms
of two of the stakes.

The stakes were of too large a diameter to be easily driven into
hard ground. The force required to drive them into the ground
frequently caused the cross arms to break off. The reels were
of aluminum with a hollow tube spot welded in the center to fit
over the cross arm. After a relatively short time the spot welds
broke, causing poor electrical contact. The reels were also
barely large enough to hold the wire. New reels and new stakes
were fabricated to replace the originals. The replacements were
not wholly satisfactory since there was still a high incidence
of failure of reels, stakes and wires, requiring greater effort
by field personnel (a four pound hammer was required to drive
the stakes). The wires became twisted and then broke. Poor
contacts between the reels and stakes often required extra
walking between electrodes to obtain good current flow. The
problem was solved by using the Geo~Recon reels and stakes with
both the Bison and Geo-Recon instruments.

Another problem that caused considerable difficulty was a buildup
of static electricity on the metal face of the instrument. The
charge affected the meters causing them to give erroneous readings.
This appears to have been solved by installing a grounding circuit
between the instrument face and earth.

www . fastio.com
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Figure 3. Two of the Bison stakes shown with the reels
on the crossarms. These reels and stakes are
the replacements fabricated in our shops.

-10-

ClihPDFE - wyvw fastio.com


http://www.fastio.com/

ClibPDF -

Geo-Recon Model ER2

The Geo-Recon Model ER2 was manufactured by Geo~Recon (now Slope
Indicator). The instrument was designed partially on the basis
of a prototype built for their own use and partlally according
to specifications supplied by this department. It is completely
self-contained, fully transistorized and utilizes low power FET
operational amplifiers and integrated circuits. The voltmeter
ranges are from .0l to 100 volts in five steps with a resolution
of .000l volts. Current output ranges from ,0001 to 1 amp in
four steps with a resolution of 10 microamps. A neutralizer
circuit allows precise correction of natural DC ground currents

or current from electrolysis in the voltage circuit. This circuit

makes it possible to use metal stakes in place of porous pots for

the potential electrodes. A stake configuration switch allows the

instrument to be used for either the Wenner or Lee partitioning
method. Power is supplied by four internal 45 volt B batteries.
The instrument is mounted in a 14x9x11l inch Halliburton case and
shown in Figure 4.

The cable reels are mounted on a packframe as shown in Figure 5.
Current is transmitted through the reels to the stakes by carbon
brushes riding on a brass shaft inside’ the nylon cores of the
reels. Drag for the reels is provided by brass lock washers
being compressed against the bottom of the nylon core. A

groundlng circuit for the instrument, or for the Lee partitioning
method, is provided through the interconnect cable and a termlnal

on the pack frame.

Several hours of lost field time were also caused by these reels
which have a nylon bushing and turn on a bronze shaft. It '
appears that dust causes a burr to form on the bronze shaft,
which digs into the nylon bushing and causes the reel to freeze.
This happened many times and usually took an hour or so to
repair. The best preventative thus far has been to lubricate
the shaft with an electrical contact cleaner.

The neutralizer circuit in this instrument had an intermittent
short that persisted for 2 of the 2-1/2 years we have had the
instrument. During this time it was returned to the factory
twice for repair. It was finally corrected by Laboratory
personnel :after the problem had caused the instrument to become
inoperative on six different field trips. The trouble was
determined to be intermittent contact between a diode and the
solder which had flowed around but was not adhering to the wire.

-11~
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Figure 5. Geo-Recon reels on the packboard which also
serves as a mounting frame. Two of the copper
stakes are shown lying across the reels.
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‘”LABORATdRY‘TESTS

On numerous occasions in the past, field readings could not be
- obtained with the BPR instrument. A laboratory study of the
instrument was considered necessary to determine the source of the
problem. At the same time the study was extended to include the
"other two instruments.

The procedure used resistors to simulate the earth which permitted
a determination of the limitations of each instrument. Results

of this investigation revealed the BPR instrument does not have

a built-in resistor to limit current flow to the ground. Con-
sequently sufficient soil resistance is required to limit the
current flow to .3 amps, the maximum reading on the meter. At

the same time, the resistance between the two potential electrodes
must not develop more than 1.1 volts, the maximum reading on the
potentiometer. L '

The tests were performed using a 6 volt battery as the power

supply and resistors of 10% accuracy. Previous experience had
indicated that under conditions of low resistivity, field readings
could not be obtained using the 22.5V battery. Under such
conditions a reading could usually be obtained using a 1.5V battery.

The first test resistor circuit is shown in Figure 6. With this
configuration the only resistor in the circuit was R2. An R2
could not be found that would give values for both E and I that
were on scale. Tests with a variable resistor demonstrated that
the minimum total resistance between C; and C, must be 250 to keep

_the current reading on scale. With this particular configuration,
250 at R2 would drive the voltage meter off scale. Apparently,
the nominal 6 volt battery being used was only producing 5.5 volts
for this test. The second test was with two additional resistors
in the circuit as shown in Figure 7.

A test was then made using Rl and R3 of 15Q each and R2 of 3.75Q,
which gave readings of I=,246 amps and E=,704 volts. Considering
the precision of the resistors, R2 should have been read as being
between 3.28 and 4.12Q, not 2.86 as given by .704/.246,

If the impressed voltage were increased to 22.5 volts there would
~ have to be a corresponding increase in resistance to keep the

amperade meter on scale. However, if the resistance becomes

very high, as would be expected in desert conditions, the high

resistance would drive the voltage meter off scale. This test

seemed to indicate the instrument can only be used over a limited
"range of field conditions. This observation was borne out by

field use. '

-14-
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th 6. Schematic of Resistivity meter connected to test
appefﬁius with one resistor in the circuit.

Fig. 7. Schematic of Resistivity meter connected to test
apparatus with three resistors in the circuit.
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The Bi5on instrument was then tested on tHe same resistor arrange-
ment. It gave accurate values for the resistor R2, and because

current flow is limited to .025 amps, it could give readings for
all the resistors 'used.

The Bison can often give an épparent resistivity value for

~a given situation on more than one scale. Tests were conducted

to determine if these different apparent resistivities from
differéent scales gave the correct value for known resistors,

These tests determined that the different readings were not always
the correct value. The scales are not linear at their extreme
ends and tend to give incorrect values at these extremes. Also,
the reading with the most significant numbers showing on the dial
tends..to be the most accurate.

A set of testing resistors was assembled for testing the various
scales. The testing resistors had values of .8, 8, 80 and 800
ohms, with an accuracy of plus or minus 1%. The respective
readings of 2mE/I for these resistors was 5.02, 50.24, 502.4 and
5024.0. Figure 8 shows a picture of the test resistors mounted
in plastic and equipped with test jacks. The testing device is
carried with the instrument and used periodically to check its
performance.

The Geo-Recon instrument was then tested with the same resistor

arrangement as used with the other instruments. There was no
problem in getting readings with any of the resistors. It was
also determined experimentally that the readings gave a very
accurate value for any resistor R2.

This instrument is limited in current flow at each scale setting
to the maximum value of that scale. During one test, stray
current from the 110V c¢ircuits in the laboratory created inter-
ference which was easily cancelled by the neutralizer circuit.

wavvw fastio.com
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Figure 8. Test resistors mounted in plastic. These "artificial
earths" are carried with the instruments and used as

calibration or operational tests.

it
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FIELD TESTS

The field tests were usually a comparison between different

instruments and equipment, or different procedures. The pro-
‘cedures compared were different electrode configurations, use
of the instruments with and without the neutralizer circuits,
application of water to the ground around the electrodes, and

" different soil moisture conditions.

"The two basic methods of obtaining data were the profile and

the expanding spread. The electrode configurations used for
the profile or constant depth surveys were the 4-electrode
Wenner, 3-electrode Wenner and the gradient array.

" The eleétrode configurations used for the expanding spread or

vertical electrical soundlng (VES) method were the Wenner and the
Schlumberger arrays. ~The Wenner array was given extensive testing,
but -only limited testing was done of the Schlumberger array. A
long delay in obtaining delivery of the Schlumberger master curves

" prevented us from using the curve matching technique for inter-

preting Schlumberger data. Since this was considered to be the
only acceptable technique, no 1nterpretatlon could be made until
the curves were obtained.

The, 4~ electrode Wenner is the standard Wenner array. For pro-
flllng purposes, it is advanced along a traverse using a constant
"a" spacing. The 3-electrode Wenner is very similar, except that

~one current electrode remains stationary at the end of the traverse.

- The gradient profile has both current electrodes stationary, and

separated a distance that can be considered as infinite. For
practical purposes, this "infinity" can be from ten to twenty

times the separation of the two potential electrodes. The two
potential electrodes can be moved anywhere within approximately

the middle one-third of the separation between the current
electrodes. Moving them too close to either current electrode
will distort the gradient upwards toward that current electrode.
This array can be used to cover a large area rather quickly,

since lateral movement is also possible. When horizontal anomalies
are located, an expanding spread is then necessary to determine

< depths.

”‘Resistiﬁity profiles were run at a number of different locations.

These can be divided into two classes, depending on whether the
geology is simple or complex. In the areas of simple geology a
total of 50 profiles were run, of which 22 were gradient array,
24 were Wenner array and 4 were 3-electrode Wenner. Useful
~information was obtained from 18 of the gradient, 9 of the

- Wenner, and none of the 3-electrode Wenner. No information was
gained from 3 gradient, 8 Wenner or any of the 3-electrode Wenner
arrays.

-18-
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In the two areas of more complex geology, a total of 75 Wenner

and 61 gradient profiles were run. All of these appear to have
provided data that was useful, though not for the intended purpose.
The intended purpose was the 1ocatlon of cavities, but the geologic
complexity of the areas created more anomalies than background.
Consequently, definite statements about the source of each anomaly
were impossible. The general geoclogy does appear to have been
delineated according to the know conditions.,

The gradient array is considerably faster to use in the field
since only half as many elactrodes must be moved. This array
does not give much depth resolution, but does gquickly locate
horizontal anomalies.

The Wenner array is slower to use, but gives good depth definition,
and appears to give a greater amplitude of response to horizontal
changes. It is therefore a better array to use when the changes
are more subtle,

The 3-electrode Wenner array seemed to be so sensitive to changes
in surface resistance that it did not show useful data from the
depth of interest.

The first test of the BPR instrument was at the site along

RD 10-Ama-16. The ground was dry on the surface but had
moisture at a depth of a few inches. A gradient profile was
used with twenty feet between the potential electrodes and the
current electrodes were well watered. The plotted data were
later compared to an identical profile run with the Bison
instrument. The plotted profiles are essentially parallel, with
the same major features, although the re31st1v1ty values were
significantly different. There are many minor irregularities
on the profiles that could be attributed to data scatter, but
with the trend of the BPR profile being somewhat smoother than
the trend of the Bison profile.

The twenty foot gradient profile was then continued across a
cavity at a known depth of fifteen feet, using both instruments.
The cavity would have been located on the evidence of the Bison
profile, but not on the evidence of the BPR profile., There
were several sharp inflections on the BPR profile, including
one over the cavity; but, because of data scatter, it was not
possible to 1dent1fy any one inflection as being proof of a
cavity.

A ten foot gradient profile was run at this same location when
the ground was very wet. Reproducibility of the BPR readings
was poor, but the plotted profile was reasonably smooth - until
it was necessary to change scales. Changing scales displaced
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“the curve by a factor of almost ten. In order to finish the

profile it was necessary to make changes in the input voltage

so that no scale changes were required. The poor reproducibility
'of the instrument was attributed to the very low voltage at

the location and the inability of the potentiometer to correctly
indicate such small voltages. The smallest values that can be

‘read directly from this instrument are one millivolt or one milliamp.

Tests of the Bison instrument were also made at the 1l0-Ama-16
location at the same time as the BPR instrument was being tested.
At the time of the first tests, the ground was very wet, and

‘resistance was low. A gradient profile was attempted with

spacing of ten feet between the potential electrodes. The

‘values given by the instrument were very small, and not
reproducible. The values had a range as shown below,.

. Staﬁioh o _. Instrument Reading (27R)
0 a | .042 - .046
S o .038 - .041
o200 T ‘ ©.021 - 0306
30 S ©.0204 - .026

20 - ~,0204 - .033

' The Bison instrument has a built-in limitation on current flow

of .025 amps. - Under conditions of very good current flow such

_.as this, the value was a constant at .0235 amps. The only
variable was the voltage drop between P, and P,. The calcu-

.“latédfvéltage'drop7fox these readings are as follows:

2TR - Voltage Drop
.042 - .046 : .000157 - .000172
. .038 ~,041 ' .000142 - ,000153
- .,021 - .0306° .000078 - .000114
.0204 ~ .026 .000076 - .000097
.0204 - .033 .000076 - .000123

Normal operating procedure for this condition would be to change
the voltage or current input until the voltage drop between the
potential electrodes could be more accurately read. Since the
input is not adjustable on this instrument, that procedure was
not possible, A

The. profile was not completed as the voltage drop was considered

to be less than the discriminating ability of the instrument. Had

the profile been completed, the data could probably have been
made usable by plotting it on a subdued scale.
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The next test of the Bison at this site was some time later when

the ground was relatively dry on the surface but moist at a depth

of a few inches, This test was for the purpose of observing the

effects of contact resistance and to evaluate the ability of the

instrument to balance out the effects of electrolysis. The array

was a 20 foot gradient profile with the two current electrodes

_ placed at infinity and well watered. Readings were taken first

» with dry potential electrode contacts and then again after
watering around the contacts. The entire line was run this way,
using the .001 scale without balancing the null meter. The line

- was then repeated using first dry then wet contacts, but with
the null meter balanced before each reading. The four sets of
data were then plotted as four profiles which are shown in Figure 9.
There was considerable difference in value under the different
conditions. The results are somewhat inconclusive, but the wet,
balanced readings form the smoothest profile and sharpest anomalies.
From this, we can conclude that such different readings should
not be mixed in the same profile or expanding spread. If, as
has been claimed, wetting the ground around an electrode creates
a variable resistor in series with the circuit, not wetting it
probably makes the resistor even more variable.

These records also show the differences in results obtained when
the balancing procedure is not used, and point out the need for
balancing prior to each reading on the .001 scale.

Another test of the Bison ingstrument was made at the same location
approximately one month later when the ground was dry. For this
test, three Wenner profiles were run taking two readings at each
electrode station. The only difference between the two readings
was the scale multiplier used. The results are summarized below.
All three lines used the Wenner array profiling technique.

10 Foot "a" Spacing (Fig. 10).

Data read using the .l1x, 1lx and the 10x scale on one end of
the line. The .lx and 1lx readings weére parallel but approxi-
mately 6 ohm feet apart. On the one end where the 1x and 10x
were used, the readings were parallel but approximately 40 ohm
feet apart.

20 Foot "a" Spacing (Fig. 11).

. Data read using the .1lx and lx scale multipliers. The values
are parallel and approximately 10 ohm feet apart.

-2]1=-

ClibPDF - www .fastio.com


http://www.fastio.com/

's9p04}0a[@ Kip 40 }aM jO puD
115415 BulouD|Dq @yi JO 9SN-UOU 10 BSN BY} JO SHNSAI BY} SMOYS ydoib ayj
‘JUBWINIISUI UOSIE 8y} YiiM uOI4DI0| dWDS By} b $9|1404d juaipolb uno4 ‘¢ 8inbid

(199}) JONVLISIA

002 o8l 09l ot! oy 00l 08 09 ot (07
_ | R _
o, .
N\
‘pasuojoqun ‘Aig— ¢ |
" ‘peoupipq ‘A1@~- 1
‘pesupipqun ‘iam S8poaidNI -V¢ _ N
paauoiDq jJuBWnASUL ‘peidjDM SBP0SEd3|IT - O
+
. \
: a
0 1)
B . 4 .
| ] . V

rAs)

€0

w0
o
SNHO NI ALIAILSIS3N

©
Q

L0

80’

[y B U8

wvvwfastio.com

ChbPDF -


http://www.fastio.com/

-sbuijjas 9{pos Eo..__ot_u buisn ‘uolipis yospad o
pouipjqo eisem sbuippas omj ‘sbujoods b 4004 Q| ysim

Apiip seuuep D BUISN JuswINISUlI UOSIG oyl Yiim uni ajijoud KjIAlsisey ‘Ol eunbiy

(1993) JONVISIQ

ozt 00l o8

_ * !

¥3I1d1LINN XO1 ONISN O
MIITdILINN X1 ONISN O
HIdILINW X T ONISN

| R I

0¢

0e

Ot

09

08

ool

02l

$09) . WYo

-23=-

www . fastio.com

CMQPDw—


http://www.fastio.com/

‘sbui}49s 9|D3s juesoyjlp buisn ‘uoijisod 9poijos|e Yooe {0
peulbiqo eiom sbuipoes om] 'sbuionds b, 100} 02 Yiim

ADisp Jouuep D Buish jueWNAISUl UOSIE QYL YiiM uni ajijoid KiAlsisey il ainb14
(t93}) JONVLISIA
002 08! 09l ob! 0e 00} 08 09 ot oz

] | ! _ _ ! |

¥317dILINW X1 ONISN O
M3ITdILIAN X I ONISN ¥

-24~-

199} . WYO

0%

- S R _

wwwy fastio.com

ChbPDF -


http://www.fastio.com/

ClibPDF -

30 Foot "a" Spacing (Fig. 12).

Data read using the .1x and 1x scale multipliers. The values
along two-thirds of the profile are parallel but 10 ohm feet
apart, and along the other one-third the values are the same.
The overlaid 1nterval is in the mid range of the recorded
values.

Another field test of the Bison was at American Canyon at a time
when the surface was moist and contact resistance not too high.

A gradient profile was attempted using a Ple distance of 20 feet

and an infinity of 440 feet. This arrangement did not generate
enough voltage drop between the two potential electrodes for the
instrument to give usable readings. A Wenner profile was then
run at the same location using an "a" spacing of 20 feet.

Rain began falling while the profile was in progress and enough
leaked through the face of the instrument to cause internal
shorting, necessitating a return to the Laboratory for repairs.
A subseguent trip to the same area was then made to collect data
from additional expanding spreads. None of these expanding
spreads could be expanded to a sufficient length to get good

definition of the subsurface. The maximum "a" spacings that

could be used varied from 50 to 100 feet, depending on the exact
location at the site. Beyond theése distances the null needle
began pulsing and the values given were extremely high and
obviously erroneous. Figure 13 shows an example of one of these
lines, There were two high voltage power lines in the immediate
vicinity which, it was thought, might be affecting the instrument.

The same phenomenon occurred several months later in the Yolo
Bypass area. At this location there were also power lines nearby,
a moderate wind was blowing and the ground was generally dry. At
the time of this second occurrence it was observed that passing
ones hand over the meters caused the needles to deflect, and that
the null meter did not seem to be responding properly. A grounded
wire brought into contact with the aluminum face of the instrument
caused an apparent static discharge. A permanent grounding ter~-
minal was then installed to ground the aluminum face.

Another test of this phenomenon was made on Mare Island. At this
site there were also power lines and a stiff breeze, although the
ground was very wet. A Wenner profile was being run, using the
grounding terminal and getting readings of approximately .07 to

.08. With the ground disconnected the reading jumped to 1.5.
Reinstalling the ground caused the readlngs to return to the .07
to .08 level.
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A follow-up check on the effectiveness of the ground was later
made at the American Canyon site. The athtempt was unsuccessful
since the instrument did not behave as it had on the other
occasions. On this trip, good Wenner arrdy expanding spread data
were collected until the "a" spacing reached 90 feet. Beyond 90
feet, the data were badly scattered either with or without the
ground connected. Figure 14 illustrates the data scatter.

The Bison and the Geo-Recon instruments were compared at a number
of different sites. One of these comparisons was at the 10-Ama-16
site. The test was a Wenner profile by each instrument using the
same electrode stations. The two sets of data were then plotted

on a single sheet to facilitate comparison., Except for one reading
where the two lines cross, they remain parallel and about 6-10 ohms
apart: The two lines are shown in Figure 15.

A field test conducted at Halloran Springs Rest Stop in November
1970 dlso compared the performance of the Bison and Geo-Recon
instruments. This was a test of not only contact resistance but
of near surface soil resistance as well. It was not possible to
get any current flow on either instrument without wetting the
ground around the electrodes. Even when the ground had been
'watered current flow on the Bison was usually low, always variable
and sometimes less than .005 amps. The Geo~Recon was usually
operated at full power of 180 volts, and sometimes had a current
flow low enough to reguire use of the ,010 amp scale. The per-
formance of both instruments would have to be rated as poor to
unsatisfactory with much scatter and poor reproducibility.

The same area was surveyed again in January 1971 after a December
rain. The surface was dry but there was moisture at a depth of
3-4 inches. The only instrument used this time was the Geo-Recon.
Inmpressed voltage was never higher than 112, usually between 67
and 90 volts. The performance was very good with little data

- scatter.

Another attempt to compare the performance of the Geo-Recon and
Bison was made at the Midway Rest Stop in January 1972. The
ground was completely dry and contact resistance very high. The
survey was begun using the Geo-Recon, which failed after three
readings and could not be used again. The Bison was then used
t+o collect data from two Wenner expanding spreads. The data were
good to an "a" spacing of 140 feet, but badly scattered beyond
that. o

By the time the equipment could be returned to the field in
February, it had rained and the soil was no longer relatively

dry. Because of scheduling problems, only the Geo-Recon was used
on this second trip. The first line was a repeat of one of those
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run with the Bison in January. It was started with an "a"
spacing of 100 feet and expanded to 600 feet. The result was a
smooth curve with no scatter. Another 5 expanding spreads and

2 profiles were run, using "a" spacings of up to 600 feet on the
expanding spreads and 400 and 500 feet on the profiles. In all
cases the electrodes were watered before each reading. The data
were very good with little or no scatter, :

Summary of Field Observations

- 'The results of these comparative tests indicate the Bison was the
easiest and fastest of the three instruments to use. However, it
could not handle extremes of resistivity as well as the Geo-Recon.
The extremely versatile meters and scale combinations of the Geo-
Recon made possible accurate measurement of either very large or
very small current and voltage values. The neutralizer circuit in
the Geo-Recon is operative at all times, and is routinely used on
even the larger scales. This procedure makes it possible to get
high accuracy even though the potential electrodes are polarizing.

The BPR instrument was very limited in its range with a high
probability of error in its measurements.

DC vs. AC Power Source

A comparison was made between the AC and DC power output as
supplied by the three instruments under test. The comparison
was to determine what differences existed between the two pro-
cedures and the results obtained by each.

The readings from the two DC instruments are given as the voltage
and amperage for the direction of current flow. By the nature of
the method, a reading is required in each direction. The resistance
{R) at each station is then (E1+E2)/(Il+12). The amount of time

involved in getting the two sets of readings at each station is
about equal for the two DC instruments. However, the Geo—-Recon
has several electronic improvements that make it a more versatile
instrument. :

The AC instrument requires only one reading at each station. Thus
Bison readings take about half as much time as getting Geo-Recon
or BPR readings. The Bison also gives its reading as the product
of 2mR, which is a feature of the Bison instrument that could

DA be used with either AC or DC, just as either type current could
be recorded as E and I. Having the Bison reading as the product
of 27R simplifies field calculations for surveys using the

- Wenner array, but complicates them somewhat when the Schlumberger
array is used.
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Several dlrect comparlsons were made between the three instruments.
The results show some differences do exist in the values recorded.

From all 1ndlcat10ns the main difference in the performance of
the Geo-Recon and the Bison has to do with the measurement and
output to the ground of E and I rather than the type of current
used. The AC provided by the Bison is DC current put through an
inverter to create an AC square wave. The excitation frequency
is 11 Hz, with an adjustment of +15%.

The most commonly encountered difficulty when using alternating
current is the so-called skin effect (3) problem in which the
electric current tends to travel along the surface rather than
penetrate to the desired depth of investigation. Probably, current
which is being reversed at less than 20 Hz, does not cause skin
effect” problems,‘at least not at the relatively shallow depths
involved in engineering type investigations. ©None of the records

" collected during this investigation revealed any essential depth

dlffe:ences between Bison or Geo-Recon surveys at the same locations.

In order to avoid an electrolysis problem, porous pots are
generally used with direct current or very low frequency alter-
nating currents. Both the Bison and the Geo-Recon instruments
have balancing circuits for the purpose of neutralizing current
from self-potential, telluric, or polarity effects caused by
electrical differences between the ground and metal stake. The
neutrallzer circuits on these two instruments permits an accurate
record of resistivity values using metal stakes.

The results of our investigations did not show any significant

differences existed in the use or the results obtained by the
AC from the Bison and the DC from the Geo-Recon or BPR instruments.

-32-
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INTERPRETATION

The two basic methods of obtaining resistivity data are profiles
and vertical soundings. These two methods yield different

data, and require different interpretive techniques. The data
from fixed depth profiles were interpreted by contouring subsurface
resistivity values and by showing them as profiles. For the verti-
cal electrical soundings, a comparison was made between the curve
matching technique and Moore's cumulative method of interpretation.

Interpretation of Fixed-Depth Surveys

Subsurface resistivity contours were drawn from fixed depth profiles

run at different locations. These locations were geographically a
considerable distance apart and represent a diverse assortment of

geologic materials.

The ‘material at 03-ED-49 was a nearly uniform limestone with both
open and filled cavities. At the north end of the area of investi-
gation, there is a vertical contact between the limestone and a
uniform greenstone. The two rock types each have a uniform level
of resistivity so that anomalies can be readily seen and inter-
preted. The area was reported by Love (5) using interpretations
based on profiles which appears to be a satisfactory method of
interpreting the data. An interpretation based on the subsurface
contours shown in Figures 16 and 17 gave results almost identical
to that obtained from the profiles. Using the contours along
with the profiles shown in Figures 18, 19 and 20 gives a more
complete picture. The contours definitely located the limestone-
greenstone contact which crosses the map between Stations 97

and 54 in a vertical direction. The contours also showed the
locations and trends of buried sinkholes. This information made
possible the location of areas where drilling should be done

to get maximum benefit from the boreholes. Locating borehole
sites would have been possible, on the basis of the profiles
alone, but would have been simpler using both the profiles and
contours.: . = . _ :

The material at 10-Ama-16 is an interfingered mixture of clays,
sands, and fine gravels that contains a number of buried meander
streams., There is no uniform background level of resistivity
because of the heterogeneous nature of the material. Conseguently,
the identification of an anomaly is very difficult.

. Both profiling and contouring based on the profile data were used
in an attempt to locate abandoned mine workings in the area. The
profiles and contours for the area along the west roadbed are

. shown in Figure 21, Neither method proved to be very successful
although anomalous conditions were found at four of the five
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sites recommended fof drilling., At one location a tunnel was
located while at three others the material was so soft the six
inch auger flight could be pushed. '

At 10-Tuo~-49,108, the material was geologically complex with
different types of sediments intruded by igneous dikes. 'The main
feature of interest was a mine cavity in the limestone that was

80 feet wide by 100 feet long by 55 feet high. The top of this
mine is about 50 feet below the ground surface. The mined-out
material was a coarsely crystalline white-cream colored limestone.
The surrounding rock was a finely crystalline dense dark gray
limestone. This material was in contact with a phyllite dipping
approximately 80°. Greenstone dikes cut through both the lime-
stone and phyllite. :

The background resistivity could not be determined because of the
heterogeneous nature of the rock. The limestone phyllite contact
is shown plainly by the subsurface resistivity contours as seen in
Figures 22-27. Profiles across the area seen in Figure 28 do not
show anything that can be interpreted. The conclusion was that

the heterogeneous material and complex structure make it impossible
to isolate the values that are the result of the mine cavity.

The material at 08-SBd-40 was reasonably consistent meta-igneous
rock for which a background resistivity value was obtained. This
again was an attempt to locate abandoned mine workings. With
the constant background level for the rock, it was possible to
identify anomalies along the profile as being cavities.

No contours were drawn of this site due to an insufficient number
of readings. It appears, however, that this site could have
been successfully contoured, and that the contours would have
defined the extent of the workings.

Interpretation of Vertical Electrical Soundings

Data from the vertical electrical soundings were interpreted by
the technique of curve matching and by Moore's cumulative method.
Previous experience with the cumulative method had often resulted
in ambiguous answers. The cumulative method seems to work well
for the conditions p1>p2<p3. For other conditions, however, it

was sometimes impossible to find a solution that agreed with
known conditions. A comparison was made of the curve matching
and Moore's cumulative method to determine which method was more
reliable and consistent with the facts.

The curve matching technique of interpretation is accomplished

by matching field curves with theoretical master curves. The
field curves are smoothed curves drawn through the apparent
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 Figure 22. Resistivity contours of a fixed depth gradient survey over the
| Flintkote mine. The outline of the cavity is shown by short dashes.
.aAgeologic contact between limestone and phyllite is shown by long dashes.
The distance between potential electrodes was 30 feet.
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» Figure 27. Resistivity contours of a fixed depth Wenner survey
over the Flintkote mine using an "a" spacing of 125 feet
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Two surveys, using different potential separations, are shown crossing the
cavity at each survey station. The boundaries of the cavity are shown by
the bold verfical lines.
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resistivity data points which are plotted as they are collected.
A logarithmic expansion of the spread is usually used since the
data are plotted on log log paper.

It is not possible to have a curve formed by true readings of
vertical changes in the layered media, no matter how abrupt, that
cannot be rounded. A curve that cannot be easily rounded signifies
that there is a lateral change, a computational error, or possibly
an instrument error that accounts for the abrupt change. This
is because each additional reading is sampling some amount of
additional material, but to do so, the current must also travel
> through the same section as for the previous reading. Therefore
each new reading only modifies the previous reading, and no amount
of modification caused by vertical materials changes can cause
a new reading that results in an abrupt change in the curve.

The master curves are mathematical calculations of the apparent
resistivity curve to be expected for a particular geologic layering
condition. The method has a sound foundation in electrical theory
and is based on clearly stated mathematical assumptions.

The electrical theory is based on the use of direct current,
although alternating current with a frequency of less than 20
Hertz is usually considered acceptable. A comparison of duplicate
records obtained at several different locations revealed no
significant variations of curve shape between the two instruments
tested. - '

The first comparison of different interpretive methods was made
using a theoretical master curve as the data source. The curve
was a three layer, type H (pl>p2<p3) from the Mooney and Wetzel

album (7). As chosen, it had depths of 22 and 55 feet, and is
shown in Figure 29. Data for the cumulative plot were picked

off the curve on the log log paper at even increments and plotted
as a linear expansion on 10x10 graph paper. The cumulative
interpretation shown in Figure 30 gave depths of 11, 20, 38, 127,
183, 222 and 262 feet.

The next comparison was between the curve matching technique and
interpretations published by Moore (9) using the cumulative method.
The resistivity lines run by Moore were for the purpose of deter-
mining the thickness of concrete pavement and were only long
enough for the "a" spacings to approximate the expected depth

of investigation. There was good correlation between the
thickness of the concrete and the values as determined by Moore,
His method also gave other answers that he interpreted as being
the depth to reinforcing steel, depth of penetration of curing
compound and other unknown gualities,
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The daEé‘Were“replotted on iog log paper and interpreted by the

curve matching technique. Some difficulty was experienced in
interpreting the lines, which due to their short length, did

not define the full shape of the curves. Interpretations were
made of three of the curves and then verified by a computer
program which drew master curves for each of the interpretations.
Table 1 shows the depths from both methods, including the
resistivity value for each layer by the curve matching technique,
and the nominal depths expected to be found at each location.

The published interpretation of Figure 1l is reproduced in
Figure 31, and shows only one depth although the cumulative

and individual value curves both show a definite change at

3.4 feet. Figure 32 shows the data replotted on log log paper
and interpreted by curve matching. The curve matching solution
considers this line a very clear three layer case. The computer
curve, drawn using the interpretation of Figure 32 is shown in
Figure 33.

Moore's Figure 2 is shown reproduced in Figure 34. The data

were replotted on log log paper and interpreted as shown in Figure
35. The curve matching method gives a clear four layer case,

and again agrees with the cumulative method on the thickness

of the concrete. Moore states that the intermediate depths of

4.4 and 6.56 were discounted as not being significant, based

on the absence of recognizable trends in the individual value
curve, The author considers the graph to have recognizable trends
for both of these depths. The computer curve based on the in
terpretations shown in Figure 35 is shown in Figure 36.

Moore's Figure 3 is reproduced in Figure 37. The data was replot-
ted on log log paper and interpreted as shown in Flgure 38. Both
the cumulative method and the curve matching method give three
depths, although not the same three. Both methods agree on the
total depth of slab and the underlying sand and gravel base,

but not on the other depths. The nominal depth of concrete was

5 inches, and was located by the cumulative method at 5.35 inches.
However, the author cannot recognize any trend on the individual
value curve at this depth. The computer curve based on the
interpretation of Figure 38 is shown in Figure 39.
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SHOWING HIS INTERPRETATION OF A SINGLE DEPTH OF 8.85!
AN ADDITIONAL DEPTH OF 3.4" HAS BEEN INTERPRETED
BY THIS AUTHOR.
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Figure 32. MOORE'S FIGURE 1 REPLOTTED ON LOG LOG PAPER,
SHOWING THE PRELIMINARY INTERPRETATION BY CURVE
MATCHING.
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Figure 35. MOORE'S FIGURE 2 REPLOTTED ON LOG LOG PAPER.
A PRELIMINARY CURVE MATCHING INTERPRETATION
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Figure 37. A REPRODUCTION OF CURVES FROM MOORES FIGURE 3, p.5l,

SHOWING MIS INTERPRETATIONS OF DEPTHS OF 2.35" 5.35"
AND 9.1 INCHES.
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“Table 1

A comparison ef results obtained by the cumulative method
- with those obtained by curve matching. Data from Moore's

paper.
| u | Resistivity
Depths by - Depths by’ Nominal of layers
“Line Cumulative - Curve Depths {from curve
~ No. - Method . Matching Expected matching)
i S 3.4% I : 50
S 8.85 : 4.1 8.88 17
' : o 8.1 500
2 . 2.65 .6 2.65 90
Lo o 4,4% ‘ 1.7 300
6.56% 6.8 9.27 10
9 : : 9 3
. " - l
T3 23 .6 2.4+ 780
x S © 5.35 3 : 5+ 195
; 2.1 ' 9 : ‘ -9 24
o 6

Cumulatlve depths marked by an asterisk are depths shown by
1ntersect1ng straight line segments of the cummlative curve,
that were considered by Moore as not being significant.
Additional depths of approximately .6 are indicated by the
1nd1v1dua1 value and cumulative value curves for lines 2
and 3.

-
L1
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On. lines 2 and 3, the curve matching technique shows a first
depth of 0.6 inches. An examination of the individual value
curve of these two lines indicates they must have a very thin
first layer where the curve becomes asymptotic, but which is
too thin to be detected by the cumulative method. There are
intermediate depths indicated by the cumulative curve of line
2, which are considered insignificant by Moore, but appear
significant to the author. In contract, line 3 has a depth
considered insignificant by the author, but significant by
Moore., Based on these interpretations, advance knowledge of
local conditions would have been necessary to determine which
depths were the ones desired.

A third comparison was made of data from a field curve collected
using a logarithmic expansion of the spread as shown in Figure 40,
The curve was first interpreted by curve matching technigues. .
Data points were picked from the log log graph on a linear basis
and replotted as a linear expansion on a 10x10 graph: - The data
were then interpreted by the cumulative and by the Narayan and
Ramanujachary inverse slope method. The depths as determined

by each of the three methods are shown in Table 2, along with
resistivity values of each layer for the curve matching and
Narayan and Ramanujachary methods. The three different methods
of interpretation are shown in Figures 41, 42 and 43.

Data from another line, which was also expanded logarithmically,
were then interpreted in a like manner by the curve matching and
the cumulative methods. The field curve of line 1 at Sonora is
shown in Figure 44, along with the interpretation made by auxiliary
curve matching. This interpretation gave depths of 11.5, 24, 48
and 125 feet. Figure 45 is a computer curve which matched the
field curve using depths of 12, 24, 48 and 124 feet. The cumu~
lative method, shown in Figure 46, gave depths of 15, 25, 43,

76 and 170 feet. Seismic depths showed soil to 9 feet, broken
rock to 25 feet and then hard rock. A known cavity was under
the line with the roof at a depth of 50 feet and the floor at

a depth of 105 feet.

Data for use with the cumulative method must be collected using

a linear expansion of even increments. The data are usually
plotted on 10x10 graph paper as collected in order to assure the
validity of the readings. A minor amount of scatter and sharp
inflections of the line are usually tolerated and have no apparent
deleterious effect. There is even evidence to indicate the
scatter and occasional sharp inflection points are what makes the
method work.

The same data, as used for the cumulative method, if replotted on

log log paper often has such scatter that it cannot be interpreted
by curve matching techniques. A point that appears slightly off
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‘A comparison of the depths obtained by three different
resistivity interpretations with the drill log from the
site at Midway Rest Stop. : '

: Curve Matching - Cumulative '~ N and R Method - Drill TLog
Depth Resistivity =  Depths Depth 'Resistivity Depth  Material (from
e I S o ' composite of
e - L . - SR drillers log)
T 24500f¢t. . 7. ' - T 97GfE.
2.2 . I _ 31 N : 0-75 Mixed sands,
. ' _ : 48 , - 200Qft. some gravels,
100Q€ft. =~ 68 .68 T : :
120 ‘ . - 298Qft. - 75-190 Sands, gravels
v - : Co 160 ‘ : '
60 R L 206Qft, 190-335 Gravel layers,
B _ 364 332 : sand & clay
o , i T 4310ft. layers, producing
300Qft. 442 431 ) ~ water from gravel
T S o ~ 630f¢t, at 269 ft.
345 IR ‘ 531 511 . ' _
R ' _ o 540ft. 335-501 Clay, sandy clay,
100ft. ; e o some sand and

gravel layers.
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. Figure 46 An interpretation of line 1 at Sonora by the

cumulative method.
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“the lirie on the 10x10 paper will have the apparent error emphasized
when plotted on the log log paper. If the curve is smooth on
the 10x10 paper, it will also be so on the log log paper with
no outliers or sharp inflections.

Data points taken off a smooth curve on log log paper and _
replotted on 10x10 graph paper, will also form a smooth curve
with no sharp inflection points. The cumulative value curve is
‘then a smooth rounded curve with no straight line sections.
.Completion of the interpretation by the cumulative method then
' becomes very arbitrary, and subject to operator influence.

On the basis of this study, the curve matching technique is the
interpretation method currently used by this department. A com-
puter program has been adapted that verifies the interpretation
' made by the operator. When master curves cannot be found that
are direct matches for the field curve, an auxilliary point
method is used to obtain a first approximation. The first
 approximation is then submitted to the computer for verification.
. The computer program calculates a curve which fits the inter-
pretation submitted to it, and draws this curve on an XY plotter.
The computer curve is then compared with the field curve and any
necessary adjustments are made in the interpretation. The new
 approximation is again submitted to the computer and the new curve
" is again drawn by the plotter. This procedure is continued until
"a satisfactory match is achieved.

" The number of computer runs is dependent on the guality of the

‘ first approximation. Simple situations involving two or three
layers are usually resolved in one to three runs. More compli-
cated situvations of three or more layers have required up to six
rrans. '

' ) f - . .

=70~

e
ClibPD www . fastio.com


http://www.fastio.com/

ChbPDF -

10.

11.

BIBLIOGRAPHY

Davis, Willard E., 1963 "Report on Geophysical Operations of
the Groundwater Division of D.S.I.". Unpublished report by
Mr. Davis of the USGS, while in an advisory position to

the Turkish government.

Grant, F. S: and West, G. F., 1965 "Interpretation Theory in
Applied Geophysics", McGraw Hill Book Company, New York,

" Heiland, C. A., 1940 "Geophysical Exploration", Hafner

Publishing Co., New York.

Keller, George V., and Frischknecht, Frank C., 1966 "Electrical

Methods in Geophgsical Prospecting", Pergamon Press, New York.

Love, Colin L., 1966 "A Geophysical Study of a Highway Problem
in Limestone Terrain", California Division of Highways Research
Report No. M&R 642730, pp. 1-27.

Meidav, Tsvi, 1968 "Applied Electrical Exploration". Lecture
notes on a course given by the Geological Sciences Department,
UCR.

Mooney, Harold M. and Wetzel, W. W., 1956 "Master Resistiﬁity

. Curves for a Two, Three, and Four-Layer Earth", University of

Minnesota Press, Minneapolis, Minnesota.-

Moore, R. Woodward, 1944 "An Empirical Method of Interpretation
of Earth Resistivity Measurements", Public Roads Vol. 24, ‘
No. 3.

Moore, R. Woodward, 1968 "Rarth-Resistivity Tests Applied
as a Rapid, Nondestructivé Procedure for Determining
Thickness of Concrete Pavements", Highway Research Record
No. 218, pp. 49-55.

Narayan, P. V. Sanker, and Ramanujachary, K. R., 1267 "An
Inverse Slope Method of Determining Absolute Resistivity",

Orellana, Ernesto and Mooney, Harold M., 1966 "Master Tables
and Curves for Vertical Electrical Sounding Over Layered
Structures", Interciencia, Costanilla de Los Angeles 15,
Madrid.

-71-

www fastio.com


http://www.fastio.com/

#

ClibPDF - vy f38Tio°com —  ~ 7 =

APPENDIX

Summary of ¥ield Work Performed
at Each of the Different Sites

The three resistivity instruments were compared with each other by
comparing the results of their use at many different locations
involving different conditions of surface resistivity. To facili-
tate comparison, the following summary was made of the different
lines run and the ground conditions at the time the work was per-
formed. A statement is also included which describes the success
of the operation.

_OB—SBdﬁ40'(M0uhtain Springs)

‘March 1969. Dry sandy soil overlying meta-~igneous rock.

BPR instrument. Performed well on 44 profiles. Collected 5 VES

.curves_ that exhibited considerable scatter.

08-SBd-15 (Midway)

Jahuafg 1972. Dry fine-coarse silty clayey sand.

Bison instrument. Collected 2 VES curves that were good out to "a"
spacings of 140 feet, but had considerable scatter beyond that.

Féﬁrﬁéfy 1972. Same material, but with méisture from about 2 inches
below the surface to 12 inches below the surface. Geo-Recon instru-
ment. Repeated one of the above lines with no scatter out to an

" "a" spacing of 600 feet. Collected 5 other VES curves with no

scatter on any of them. Ran 2 profiles using "a" spacings of 400
and 500 feet with no scatter.

08—SBdf15;(Halloran Springs'Rest Stop)

November 1970. Dry, fine-coarse granitic sand.

Bison instrument. Ran 3 VES lines, used salt water on the
electrodes and still had trouble getting current flow. Data was
badly scattered, making interpretation nearly impossible.

Geo—Rééon instfument. Ran 2 VES lines, used saltwater on the
electrodes and still had low current flow. Data was badly
scattered, making interpretation nearly impossible.

January 1971, Same material as above, moisture at a depth of
3-4 inches. :

Geo-Recon instrument. Ran 6 VES lines with "a" spacing of 600
feet. There was a very small amount of scatter. No trouble
making interpretations. '
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10-S0l1-80 (American Canyon)

April 1970. Moist silty clayey soil.

Bison instrument. Ran 5 VES lines with "a" spac1ng of up to 100

feet, and 2 Wenner profiles with 20 and 40 foot "a" spacings of

from 20 to 80 feet. Beyond these distances interference from some

source made the recorded values increase at an unreasonable rate.
- The‘profiles were good.

One gradient profile was attempted, using a P dlstance of 20
w feet. The values were too small for the 1nst%uﬁent to record.

10-S0l1-37 (Mare Island)

August 1970. Wet soft mud.

Bison instrument. A Wenner VES, a Schlumberger VES and a Wenner
profile were run. The Wenner VES was run to an "a" spacing of 350
feet. There was a small amount of scatter, but the line was good
to an "a" spacing of 90 feet. Beyond 90 feet the curve was rising
too steeply. The Schlumberger line was good to about 100 feet, but
became too steep beyond that distance. The profile was good except
for one reading when the grounding lead was disconnected.

Geo~Recon instrument. A Wenner VES and Schlumberger VES were run
at the same location as above. The Wenner had an "a" spacing of
400 and a small amount of scatter. The Schlumberger VES was run
to 500 feet and also had a small amount of scatter. The depth
determinations of the two Wenner lines agree. The Geo-Recon '
Schlumberger agrees with the two Wenner lines. The Bison
Schlumberger disagrees. The Wenner lines agree with reflection
and refraction data.

10-Ama-16 {Tunnel area)

March 11, 1970. Wet sandy clayey soil, sand and clay.

Bison instrument. A gradient profile using P P, distances of 10
feet was attempted. The recorded values were tgo small to be
reproducible, Two VES lines were run using "a" spacings of up to
200 feet. Both had considerable scatter beyond about 60 feet.

BPR instrument. Three gradient profiles were run using P3P,

distances of 10, 20 and 30 feet. There was some trouble with

reproducibility on the 10 foot line, the other two were very
@ good.

Maxch 26, 1970. Sandy Clayey soil, sand and clay, dry on the

surface, moist at shallow depth.

Bison instrument. Five gradient profiles were run, using P1P2
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distances of 20 and 30 feet. One 20 foot line was repeated,
using dry electrodes and one with water around the electrodes.
The contact resistance did not appear to be too great with the
dry surface and moisture at depth; but, tle dry electrode con-
dition gave results that were erratic in comparison with the
wetted: electrodes.

BPR instrument. A gradient profile wag run along the same line
as above. The plotted values are parallel, but the BPR values
are much higher. A Wenner profile was run, with good detail and
with essentlally the same line of plotted values.

Aprll 1970 Dry sandy clay, clay and sand.
Bison instrument. Three Wenner profiles and three gradient pro-
files were run at the same location. The data appears to be good.

May 1970. Same material, dry on the surface, moist at depth.

Bison instrument. A Wenner profile was run at the same location
as -in April.  The two proflles are nearly parallel and have very
'251mllar values.

Geo Rec0n lnstrument. One Wenner profile was run at the same
location as above. This profile was parallel to but moderately
higher in value than the ones by the Bison. Two Wenner profiles
were run which showed good reproducibility and were similar to
the- others.

10~ Tuo 49 108 (Sonora)

March 1971. Wet clay soil overlying limestone.

Bison instrument. Twelve gradient profile lines were run. The
data appeared to be good. A wide range of values between adjoin-
ing profiles suggests some scatter.

April "1971. Moist clay scil overlying limestone.

Bison instrument. Fourteen gradient array profiles, 26 Wenner
profiles and 1 Wenner VES were run at this time. One gradient
array was a repeat of one run in March. This line shows some
scatter, and higher values of resistivity than were recorded in
March, Contouring this data indicated several of the readings
were anomalously high or low. The Wenner VES had no scatter.

The Geo-Recon instrument. Three Wenner profiles were run. The
data appears good and parallels that recorded with the Bison.

September 1971. Dry clay soil overlying limestone. The area
was enlarged to include territory underlain by meta-sediments.

Bison instrument. Nine Wenner profiles, 18 gradient profiles
and 3 Wenner VES lines were completed. The gradient profiles
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had scatter but were acceptable. The 25 foot Wenner profile had
some scatter, but the 75 and 125 foot Wenner profiles had no
apparent scatter. One VES line was very good, the other two had
considerable scatter. _ : '

Two attempts were made td run gradient profiles with PPy dis-
tances of 25 feet. Both were unsuccessful, with values that
were not reproducible. : '

“#  03-Yol-16 (Yolo Bypass)

- July 1970, Firm sandy clayey soil, dry at: the surface, moist at

~ - - shallow depth. . ' : ’

E Geo—~Recon instrument. One Wenner VES line was run. The line was
“usable but had considerable scatter. '

Trans Lab Sacto 1/74 200
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